and is useful to prevent and treat brain ischaemia. 3 Because it has an anticonvulsant activity, it may also be used for epilepsy when this illness does not respond to other therapies. 4 Several analytical procedures have been reported for the quantitative determination of thiopental. Among these are highperformance liquid chromatography (HPLC). Previous HPLC methods for determining thiopental that required extraction steps 5, 6 had low specificity, 5, 7 or used expensive materials. 5, 8 Recent HPLC assays, even after overcoming most of these problems, are not completely reliable, and do not have the short process-time required in most of the above-mentioned indications. 9, 10 A few other methods are available for determining thiopental, including spectrophotometric, [11] [12] [13] fluorometric, 14 stripping voltammetry, 15 coulometric, 16 gas chromatography (GC) 17 and high-performance capillary electrophoresis. 18 The potentiometric procedure has not been reported concerning the determination of thiopental. The British Pharmacopeia titrimetric and gravemetric methods are time consuming and depend upon measuring fairly concentrated solutions. 19 They lack simplicity, sensitivity and selectivity. The potentiometric membrane sensors have been more extensively used in pharmaceutical analysis. Their advantages are simple design, low cost, good selectivity, low detection limit and applicability to colored and turbid solutions. Sensors for acidic drugs are based on the use of ion-association complexes of these species with quaternary ammonium salts or metal phenanthrolines, complexes dispersed in a polymeric or liquid membrane. Membranes based on metal phenanthrolines display better performance characteristics. 20 The present work describes simple potentiometric sensors for the determination of thiopental in pharmaceutical formulation and human serum. They are based on the use of copper(II)-bathophenanthroline [Cu-bphen] and cobalt(II)-bathophenanthroline [Co-bphen] complexes in the formation of ion-association species, which are characterized by different lipophilicities and stabilities that are used as electroactive materials in plasticized polyurethane matrix membranes. Thiopental acidic anion reacts with bphen-Cu(II) and -Co(II) cationic complexes to form 1:1 water-insoluble ion-associates (Scheme 2).
Sensors based on these membranes were prepared, characterized, compared and used for the rapid and accurate selective determination of thiopental in pharmaceutical preparations and human serum samples.
Experimental

Equipment
Potentiometric measurements at 25 + 1˚C were made with an Orion digital ion-analyser (Model) 420A using a graphite sensor Novel miniaturized polyurethane (PU) membrane sensors in an all-solid state graphite support were developed, electrochemically evaluated and used for the assay of thiopental drug. The thiopental (T) sensors are based on the formation of ion-association complexes of thiopental with copper(II) and cobalt(II)-bathophenanthroline (bphen) counter anions as electroactive materials dispersed in a polyurethane matrix. The sensors show a linear response for thiopental over the range of 1 × 10 -1 -5 × 10 -5 M thiopental at 25˚C over the pH range 6 -11 with anionic slopes of -28.7 and -28.3 mV decade -1 with Cu-and Co-bphen thiopental membrane sensors, respectively. These sensors exhibit a fast response time (25 -45 s), a low detection limit (5 × 10 -6 M), a long lifetime (7 weeks) and good stability. The selectivity coefficients for thiopental sensors relative to the number of interfering anions, were investigated. These sensors were used for the direct potentiometry of thiopental in a pharmaceutical formulation and human serum. Results with mean accuracy of 99.8 ± 0.5% of nominal were obtained, which compare well with data obtained using spectrophotometric (UV-Vis) and British Pharmacopoeia (BP) methods. 
Ion-association complexes preparation
A 150 mg portion of bphen was dissolved in 30 ml of 60% (v/v) ethanol-water, and the solution was mixed with 15 ml of 2 × 10 -2 M Cu(II) chloride or a Co(II) chloride solution. Drops of ethanol or water were added to the solution to keep the solution clear, after stirring for 5 min, 30 ml of a 0.1 M aqueous thiopental solution was added. A faint-yellow precipitate of Cu(II) and a faint-brown precipitate of Co(II) bphen ion-pair complexes were formed. The precipitates formed were filtrated off on Whatman filter paper No. 42, washed with cold water, dried at room temperature and ground to a fine powder. Elemental analysis and infrared data confirmed the formation of 1:1 complexes.
Sensors preparation and calibration
A rod of spectrographic graphite (5 mm in diameter and 15 mm long) was inserted in a polyethylene sleeve, and about 3 mm of the other end of the protruded rod served as a measuring surface. This end of the rod was washed with acetone, dried in air for 3 h, and dipped rapidly into a homogeneous coating mixture consisting of 10 mg ion-pair (T-Cu-bphen or T-Cobphen), 190 mg PU, 0.35 ml plasticizer and 6 ml of THF. The solvent was allowed to evaporate in air after each dipping, and the dipping process was repeated 6 -8 times to supply for a uniform membrane on the surface of the graphite rod. Before use, the coated graphite rod was soaked for 2 h in a 1 × 10 -2 M aqueous thiopental solution. One drop of mercury was added in the polyethylene sleeve to ensure electrical contact with the connection cable. The sensors were conditioned by soaking in a 1 × 10 -2 M thiopental solution for 5 h, and stored in the same solution when not in use. Standard solutions of 1 × 10 -6 -1 × 10 -2 M thiopental were prepared by serial dilution of a 1 × 10 -1 M thiopental solution. The membrane sensors were calibrated by immersion in a 1 × 10 -6 -1 × 10 -1 M thiopental solution with 0.05 M borate buffer, pH 9. A 1.0 ml aliquot of each solution was transferred into a 50 ml beaker containing 9 ml of a 0.05 M borate buffer solution pH 9. Graphite PU-T-Cu-bphen or PU-T-Co-bphen sensors were immersed and allowed to equilibrate with constant stirring in conjunction with an Orion reference electrode. The sensors were washed with bidistilled deionized water between measurements. The electrode potential was recorded as a function of the thiopental concentration.
The obtained calibration plot was used for subsequent measurements of unknown thiopental concentration.
Potentiometric determination of thiopental
Drug formulation. The contents of 5 vials were mixed and a weight equivalent to about 2.643 g of thiopental was transferred into a 100 ml volumetric flask and diluted to volume, forming a 10 -2 M solution of thiopental aliquots of 1, and 10 ml of this solution was separately transferred into a 100 ml volumetric flask and completed to volume with a 0.05 M borate buffer, pH 9, forming ca. 10 -3 , 10 -4 and 10 -5 M solutions of thiopental, respectively. A 30 ml aliquot each was transferred to 50 ml beakers. The electrode system was immersed in each solution, and the emf reading was recorded and compared with the calibration plot. Alternatively, the standard addition spiking technique 21 was used by measuring the potentials displayed by the test solution before and after the addition of 1.0 ml of a 10 -1 M thiopental solution to 100 ml of ca. 10 -3 M solution. Human serum samples. A determination of the thiopental concentration in serum samples was carried out by diluting the serum samples with a 0.05 M borate buffer solution of pH 9 in ratio of 2:18 serum to buffer. Aliquots of thiopental solutions of different concentrations (1 × 10 -5 -1 × 10 -1 M) were added to these serum samples. Also, the standard addition was applied with the serum samples. The results were compared with the calibration curve.
Results and Discussion
Graphite rods coated with thin films of PU-T-Cu-bphen or PU-T-Co-bphen were prepared and used as potentiometric sensors for thiopental drug. Upon soaking these sensors in the drug test solutions, an acid-base reaction between the anionic sites of the drug -C=O, -C=S and the cationic site of metals bphen in the test solution took place. The formation of a homogeneous electroactive polymer-thiopental site induced a potentiometric response for the thiopental anion through an ion-exchange mechanism. Sparingly, soluble complexes of thiopental-metalsbphen were instantaneously formed upon the addition of the thiopental sodium solution to the solution of metal-bphen complex. The dry powder of the formed ion-pairs was used to fabricate thiopental ion-selective electrodes.
A graphite electrode was prepared by using a casting solution with the composition 1:29:70% (w/w) ion-pair, PU and o-NPOE plasticizer, respectively.
The critical electrochemical performance characteristics of the sensors were systematically evaluated according to IUPAC recommendations. 22 Data collected over a period of three months from six different assemblies of each type of sensor are summarized in Table 1 . Typical calibration plots of the sensors are shown in Fig. 1 . The sensors exhibit anionic slopes nearNernstian, -28.7 ± 0.2 and -28.3 ± 0.5 mV/concentration, decade with Cu-and Co-bphen membrane sensors, respectively. Over the concentration range 5 × 10 -5 -1 × 10 -1 M, thiopental membrane sensors displayed potential reproducibility and good selectivity.
Effect of the pH and response time
The influence of the pH on the response of the thiopental membrane sensors was checked by recording the emf of two different concentrations of thiopental at different pH values. The pH was adjusted using hydrochloric acid or sodium hydroxide. The thiopental sensors were dipped into thiopental solutions of 1 × 10 -3 and 1 × 10 -2 M and the potentials of the sensors were plotted against the pH of the solutions (Fig. 2) . Figure 2 shows that the slopes per concentration decade are constant at -28.7 ± 0.2 and -28.3 ± 0.5 mV/concentration decade for Cu-and Co-bphen membrane, respectively, in the pH range 6 -11 for 1 × 10 -3 M and 8 -11 for 10 -2 M thiopental. The potential over this range did not vary by more than ±2 mV. Within this range, thiopental is sensed as a double-charge anion. Below pH 6 or 8, the aqueous test solution becomes turbid due to the precipitation of thiopental as free drug acid.
The average response time is defined 22 as the time required for the electrode to reach a stable potential within ±1 mV of the final equilibrium value, after successive immersion of the sensor in different thiopental solutions, each having a 10-fold difference in concentration, or after a rapid 10-fold increase in the concentration by the addition of thiopental. The response time for thiopental membrane sensors was found to be 25 s for a high concentration level of ≥ 1 × 10 -3 M. At lower concentrations (1 × 10 -4 -5 × 10 -6 M) the response time was slightly longer, but did not exceed 45 s. These sensors were stored and conditioned in a 10 -2 M thiopental solution. Figure 3 shows the dynamic thiopental response by using thiopental Cubphen. The day-to-day, reproducibility of the sensors was about ±1 mV for the same solution, and the useful lifetime was 7 weeks for both sensors. During the lifetime the potential slopes were reproducible to within ±2 mV/concentration decade.
Effect of foreign ions
The influence of, some vitamins, amino acids, uric acid, different inorganic, organic anions and phenols on the response of the thiopental membrane sensors were investigated in borate buffer, pH 9, using 1 × 10 -3 M test solutions of thiopental and foreign ions. The selectivity coefficients were determined by applying the rearranged Niclosky equation, 23, 24 log
Here ET and EI are the potential readings observed after 1 min of exposing the sensor to the same concentration of thiopental and ions alternatively. ZT and ZJ are the charges of thiopental ion and interfering ions, respectively and S is the slope of the calibration graph (mV concentration decade -1 ). 25 The results obtained and reported in Table 2 are the average of five determinations with each sensor. The selectivity of the sensors toward amino acids, vitamins, uric acid, phenols, organic and inorganic anions were evaluated. The selectivity coefficient of these sensors (-log K T,I pot ) showed good selectivity for thiopental with respect to many anions. The results indicate that vitamins, amino acids and uric acid, do not interfere up to 100, 10 and 100-folds, respectively. The sensors exhibit selectivity toward phenols, organic and inorganic anions up to 1000-fold. It seems that the ion-pair complexes used in these sensors were completely dissociated in the organic phase of the membrane and the sensors exhibited good selectivity. 
Determination of thiopental
The reliability of the proposed membrane sensors for the quantification of thiopental was assessed by determining of thiopental in pure powder of the drug using thiopental membrane sensors with direct potentiometry and the standardaddition spiking technique. The results obtained with 5 × 10 -5 M -1 × 10 -1 M thiopental test solutions showed average recoveries of 100.1% and, 100% and the average standard deviations were 0.6 and 0.7% (n = 5) using Cu(II) and Co(II)-bphen thiopental membrane sensors, respectively. By the determination of thiopental in drug formulation (Table 3 ), the average recoveries of 100 and 99.76% with standard deviations were 0.37 and 0.7% (n = 5) using Cu(II) and Co(II)-bphen thiopental membrane sensors, respectively. The measurement of thiopental in human serum samples showed average recoveries of 99.7 and 99.8% (n = 10) with standard deviations of 0.8 and 1.1% by using direct potentiometry and the standard addition spiking technique using Cu(II)-bphen thiopental membrane sensor. These data compared favorably with the results obtained with the spectrophotometric method. 11 With the proposed potentiometric method, the accuracy of the results (recoveries 99.7 -100%) is much better than those obtained by gas chromatography (recoveries 81 -104%), 17 HPLC (recoveries 88.6 -94%) [5] [6] [7] [8] and spectrophotometry (recoveries 98.7 -101.1%). 11 These characteristics suggest an interest of direct potentiometry with the proposed sensors for routine pharmaceutical work.
In this work, while no membrane electrode has been suggested for the determination of thiopental until now, the construction of thiopental membrane sensors based on its ionassociation complexes with metal {Cu(II), Co(II)} bathophenanthroline counter ions in plasticized polyurethane matrix membrane was utilized for the successful determination of thiopental. The inherent advantages offered by these sensors include a fast response time (25 s), a long life span (7 weeks), an extended pH working range (8 -11 for 10 -2 M and 6 -11 for 10 -3 M), reasonable selectivity and good stability. The thiopental PU membrane sensors were used as simple and viable tools for the direct potentiometric determination of thiopental in drug formulation and serum samples. 
KT,I
pot Table 2 Potentiometric selectivity coefficient a (KT,I) for thiopental sensors pot Table 3 Determination of thiopental in thiopental sodium drug (BIOCHEMIE GmbH, Vineea-Austria) by a spectrphotometric method and a potentiometric method using thiopental membrane sensors a. Mean ± standard deviation of five measurements.
Thiopental accuracy, a % Cu-bphen UV-Vis Co-bphen BP Nominal content (mg/vial) 250 100 ± 0.4 99.8 ± 0.7 96.7 ± 0.8 97.8 ± 0.7 500 100 ± 0.3 99.7 ± 0.6 97.6 ± 0.7 97.5 ± 0.5 1000 100 ± 0.4 99.8 ± 0.8 97.6 ± 0.5 98.7 ± 0.6
